151 articles published in the Croatian Journal of Fisheries from 1938 until 2016, covering aquaculture research in Croatia, have been included in this study. Published articles have been classified into seven groups based on their main topics. Topics include: aquaculture statistics in Croatia; disease and health care; farming technology; management, economics and environmental protection; fish nutrition and product quality; improving aquaculture; and species biology and ecology. The study concisely informs about aquaculture research in Croatia since 1938. Due to large contribution to the research, development and quality management of Croatian aquaculture, further promotion and development of Croatian Journal of Fisheries is required.
INTRODUCTION
The Croatian Journal of Fisheries (CROAT J FISH) is a peer-reviewed scientific and technical journal which was first published in 1938 under the name Ribarstvo ("eng. Fisheries"). In the first issues of the Journal, the articles focused on the profession and problem solving in freshwater fisheries, at a later point extending to open waters, legislation, sport fishing and aquaculture. While previously published research (Antonović and Treer, 2015) gives a contribution to the knowledge of studies in ichthyology of Croatian open freshwaters published in CROAT J FISH from 1938 -2014, the aim of this article is to review all collected data of aquaculture development in Croatia from 1938 to 2016 published in the CROAT J FISH. Also, by reviewing all the available editions of the CROAT J FISH it is possible to make conclusions about aquaculture research and production trends in Croatia as well as determine the basic guidelines for aquaculture future development. Research on aquaculture in Croatia published from 1938 to 2016 is divided into several groups according to the area they cover. Most of the articles refer to the inland water culture and only a small part to mariculture. The reason for this is that mariculture started developing only in the 1970 and Morsko Ribarstvo (eng. "Marine Fisheries") journal, which contained articles on marine research, was published in parallel with the publication of the Croatian Journal of Fisheries. In this paper, 151 scientific and professional articles on Croatia's aquaculture have been processed and divided into seven groups (Table 1) according to their topic.
AQUACULTURE STATISTICS IN CROATIA
With the first publication of the Croatian Journal of Fisheries in 1938 , Josip Plančić (1938 published a paper titled "Inland fisheries of Savska Banovina" in which he mentioned approximate freshwater fish production of about 20,000 quintals, (about 2,000 tons) in this specific Croatian region. Furthermore, production statistics have been published only since 1955 for the previous year (Basioli, 1955) . Basioli published annual statistics which specified the amount of wild-caught and farmed fish, farmed species, consumption of feed and fertilizer, as well as problems in farming, under the title Freshwater fisheries of the People's Republic of Croatia in the year 1954. Then, the same author published two more works (1960, 1961) under the same title and later under the title Inland freshwater fisheries of the Socialist Republic of Croatia (1962 Croatia ( -1979 . His work is continued by Turk (1980 Turk ( -1999 . Turk published fisheries statistics under the same title until 1990. From 1990 to 1999, he published papers under the name Croatian freshwater fisheries. Jahutka and Homen (2001) continued to record the production and published a paper titled Freshwater fisheries of the Republic of Croatia in the year 2000 with proposed measures for solving production problems. Also, Jahutka and Homen (2003) published a work titled Croatian freshwater fishery in 2001 2005; 2007) published works which, along with previous data on freshwater production, include mariculture production. The last article related to production statistics was published by Mišura et al. (2008 ) for 2007 . Milinković (1988 published statistics on the production and consumption of trout in Yugoslavia for 1987.
DISEASE AND HEALTH CARE
The first article on fish diseases was published by Fijan (1947) who described ascites, i.e. belly disease in carp Cyprinus carpio (belly disease is caused by the bacterium Pseudomonas punctata). Fijan described the disease and indicated huge losses of 5-80% in ponds in the early spring. Taler (1948a) also studied this disease and provided an overview of the history of occurrence of the disease and measures for its control. Vegh (1948) reported the damage caused by this disease on a fish farm at Pisarovina. Tomašec (1953) wrote about parasites in fish intestines and pointed to the importance of animal hygiene and stock density in farms. Wunder (1954) described foulbrood of carp gills in ponds in the area of the former Yugoslavia. Fijan et al. (1962) described carp louse which appeared on fish farms and its control using lindane lotion, and Fijan (1963) cited the occurrence of dactylogirosis for the first time in 1962 and claimed that the disease had not yet been systematically studied. Tomašec and Kunst (1965) cited the diseases that occurred during hibernation of carp and described the conditions necessary for wintering of carp. Kunst (1965) argued that ectoparasites in ponds made a big problem and proposed the application of lotions for the treatment of ectoparasitic diseases in carp ponds. The treatment of infectious dropsy of carp was attempted by adding antibiotics in feed. The first research on the activity of antibiotics in the feed was conducted in Croatia in 1964 on an experimental fish farm in Draganić (Livojević and Habeković, 1966) . Fijan (1970) described infectious pancreatic necrosis for the first time in Croatia in salmonid species. He also determined measures to be implemented in the case of disease. Taler (1948b) described gas bubble disease which was found in trout on a farm on the River Gacka. Križanac and Teskeredžić (1980) addressed the emergence of bacterial nephritis in rainbow trout Oncorhynchus mykiss (Walbaum 1792) after mass mortalities due to inadequate feed and suggested ways of treatment. He described the path of disease diffusion to Croatia and its treatments. Kapetanović and Teskeredžić (2004) described Aeromonas bacteremia in salmonids caused by the bacterium Aeromonas hydrophila. Fijan (1971) proposed measures to combat the disease on farms. Kezić and Fijan (1974) suggested that the swim bladder inflammation had occurred in Croatia for several years but the aetiology of this disease had not yet been fully understood. In 1972, it was found that infectious dropsy in carp was not caused by the bacterium Aeromonas punctata back then, and spring viraemia and erythrodermatitis of carp were isolated from it. Then he proposed to stop using the name and the concept of infectious dropsy (Fijan, 1978a Fijan (1978b) argued that herbivorous fish did not suffer from infectious diseases that were common for carp, for example goddess, gill necrosis, branchiomycosis. Also, he stated that saprolegniasis, secondary infections after an injury and during the hatching of eggs, is not dangerous for herbivores. (Petrinec et al., 1983) noted that in the winter period 1981/1982 and 1982/1983 there was high mortality of silver carp Hypophthalmichthys molitrix in two ponds in Croatia. It was found that the fish was infected by Pseudomonas fluorescens. Studies have shown that, after harvesting, transportation and inoculation of silver carp at low temperatures, death may be caused by the bacterium P. fluorescens. However, the occurrence and development of infection was primarily attributed to stress. Hacmanjak (1985) described telohanelosis caused by parasites of the genus Thelohanellus. It often appears in carp ponds and the most important and safest method to prevent the occurrence and spread of telohanelosis is the implementation of general preventive health measures. Haematopoietic necrosis, which can cause mortality in fingerlings of up to 90%, is first mentioned in Croatia by Fijan (1989) who stated that it was caused by an RNA virus of the rhabdovirus group. Tomec et al. (1995) explored the impact of water quality on the occurrence of ectoparasites in cyprinid species. Topić Popović and Teskeredžić (1999) cited shellfish diseases and toxins regulated by law. Čadež (2005) argued that till then there had been no record of high mortality on shell farms in Croatia and he described diseases regulated by law, namely iridovirosis, bonamiosis, microcytosis, haplosporidiosis and perkinsosis. Kurtović and Teskeredžić (2001) FARMING TECHNOLOGY Fijan (1948) (Fijan and Vojta, 1969) . Other common species that have been grown in polyculture with carp are catfish Silurus glanis perch, tench Tinca tinca and pike. Fijan and Vojta (1969) conducted artificial spawning of grass carp Ctenopharyngodon idella and silver carp (Hypophthalmichthys molitrix) on a fish farm at Končanica and, three years later, Marko and Stoisavljević (1972) presented the spawning results of grass carp Ctenopharyngodon idella on a fish farm at Grudnjak. Livojević (1970) stated that it was possible, with proper nutrition, fertilization and other breeding techniques, to achieve yields in ponds of 2,000 kg/ha. Bauer (1974) considered the introduction of gravity systems in outdoor pools in natural conditions of spawning and rearing. Kuhinek (1979) stated that the fish farm at Končanica planned to start the production of eel Anguilla anguilla. Cage farming was a new way of intensifying the cultivation of freshwater fish. Habeković (1978) stated that a test breeding of trout in cages on Lake Peruća was conducted and it was concluded that there was economic justification for cage breeding of rainbow trout. Also, Habeković (1982) stated that even the third breeding cycle set in 1977 proved economic justification for test cage breeding of rainbow trout. Debeljak and Turk (1981) conducted a study and they concluded that favourable planting density in ponds affected an increase in production. conducted experimental breeding of whitefish Coregonus peled in Lake Peruća in 1978 and demonstrated that whitefish was suitable for cultivation. Labar and Toth (1983) reported that Danilo Štampalija Fishing Net Factory in Biograd na moru produced the first floating platform for hanging net cages in 1979. It was designed so that it was possible to walk to each cage and some floating structures could be tied in a sequence. Herbivorous fish do not naturally spawn in temperate zones, but it is possible to conduct hybridization under artificial spawning methods. Turk and Habeković (1981) described the process of hybridization of bighead carp Hypophthalmichthys nobilis (Richardson 1845) males and silver carp females in the experimental ponds in Draganić. Also, Habeković and Turk (1981) listed some data on the selection of carp in the Socialist Republic of Croatia. Matulić et al. (2009) stated that, by the development of molecular genetics, genetic markers which had direct or indirect effects on the production value or which supported the selection in aquaculture had been increasingly used. Experimental cage breeding of catfish Silurus glanis (Ržaničanin et al., 1984a) and carp Cyprinus carpio (Ržaničanin et al., 1984b) was done for the first time in Croatia in 1983 on Lake Vrana near Biograd na moru. Ržaničanin et al. concluded that the cage breeding of carp in Lake Vrana was not cost-effective in comparison to catfish farming, so they continued to research cage farming of catfish in 1984 (Ržaničanin et al., 1986) . The first attempt at breeding marine fish was carried out in the Bay of Cres in 1974 -common pandora Pagellus erythrinus (Linnaeus 1758) was reared in cages. It turned out that fish grew well but it was not possible to harvest enough fingerlings for commercial cultivation (Teskeredžić, 1985) . Peharda (2000) described experimental setup of polyethylene bags which were used as collectors for shellfish while Šarić et al. (2010) discussed about importance of biofilters in recirculating aquaculture. The main obstacle to increasing carp production in ponds was high mortality in early stages of life, therefore Jelkić et al. (2012) conducted a research on technology of rearing of carp larvae in a closed recirculating system to minimise the loss. Župan et al. (2013) described the relocating of Noah's Ark Arca noae from natural conditions to different conditions of experimental cultivation. Fijan (1966) described largemouth bass Micropterus salmoides as an excellent additional species in cultivation, whereas Sabioncello et al. (1970) described the advantages of breeding catfish also as a supplementary fish in carp ponds. Popović and Habeković (1978) described the economic importance of tench in polyculture with carp. Advantages of polyculture of herbivorous fish and carp were described by Turk (1978) in his research on the experimental fish farm in Draganić where carp was stocked with grass carp, silver carp, catfish and largemouth bass. He concluded that polyculture was convenient because it reduced feed consumption and helped pond self-fertilisation. published an article on successful farming of herbivorous fish for the previous twenty years; also Turk et al. (1987) published the results of breeding and market trends for herbivorous fish from 1977 to 1986. Bauer (1970) discussed economic benefits of mechanization on fish farms. Bavčević et al. (2001) covered management in aquaculture and they proposed coastal zone planning, i.e. determining specific locations for mariculture. Specifying such zones according to the regional plan would facilitate the concession award process and protect businesses from the uncertainty with respect to investments, as well as facilitate environmental monitoring. Marguš et al. (2001) published a review of research in shellfish farming in the Krka River Estuary for a twenty-year period, then Marguš (2009) cited the success of thirty years of shellfish culture in the Krka River Estuary. Andrić et al. (2010) described the procedure and the criteria for fish cages allocation and Slišković and Jelić (2002) emphasize the problem of biofouling on nets. In order to prevent biofouling, antifouling coatings should be used, however, coatings have negative effects on cultivated species and the environment. Slišković et al. (2003) suggested that the impact of aquaculture on surrounding waters could be monitored by net fouling in a simple qualitative and quantitative study of fouling community. Depending on the structure and abundance of certain species, fouling can draw attention to environmental changes in waters near the farm. Skejić et al. (2012) concluded that phytoplankton composition might indicate the occurrence of eutrophication and they conducted a research in which they determine phytoplankton composition on a fish farm at Maslinova. Heterotrophic bacteria play a significant role in the process of decomposition of organic matter in the water environment and they indicate eutrophication, therefore Kapetanović et al. (2012) conducted a study in which the number of heterotrophic bacteria was determined on numerous farms of sea bass Dicentrarchus labrax (Linnaeus 1758) along the eastern coast of the Adriatic Sea. In order to preserve the marine environment, Župan et al. (2012) discussed possibilities of developing integrated multitrophic aquaculture in the Adriatic Sea. Fijan (1981) believed that feeding fish pelleted food was a measure for the intensification of production and he specified the basic principles for achieving high yield in ponds. In their research on the nutritional value of earthworms, Lozovina et al. (1986) proved many advantages of feeding trout on worms during production. Teskeredžić et al. (1994) described the materials and chemical composition of feed, energy content and principals on salmon feeding, which are prerequisites for the cultivation of healthy fish. The best food for marine fish fingerlings are rotifers, i.e. Branchionus plicatilits (Skaramuca, 1994) . He stated that data about cultivation of rotifers had not been published yet because of a great commercial importance in mariculture. In addition to natural feed, there are other sources of protein but the best are those which have amino acid composition most similar to fish protein or natural fish feed. Therefore, Debeljak and Fašaić (1980) suggested dry yeast as a possible supplement to food. They stated that the amino acid composition of yeast protein corresponded to the nutrient requirements of carp, especially because it contained essential amino acids that carp could not synthesize but was receiving by feed. Aničić et al. (1992) experimented with concentrated feed for common carp fingerlings until its one year old, while Bogut et al. (1994) conducted an experiment of adding Polyzime to the feed for carp fingerlings. Safner et al (2001) investigated the dressing percentage on the four Croatian populations of common carp. published a review of nutrient needs in trout O. mykiss feeding.
MANAGEMENT, ECONOMICS AND ENVI-RONMENTAL PROTECTION

FISH NUTRITION AND PRODUCT QUALITY
Proper nutrition from a balanced diet is very important in mariculture. Therefore, reviewed the impact of feed of different composition to the growth of gilthead sea bream Sparus aurata during the winterspring period and the potential impact on the occurrence of winter disease syndrome. Bavčević and Lovrinov (2006) described the feed in the cage breeding of sea bream and sea bass, and they also described the prospects of fish feed production in Croatia. Arapov et al. (2010) studied the biology of the digestive system of shellfish and their feed. Bogut et al. (2010) conducted a study of the nutritive value of planktonic cladoceran Daphnia magna in the nutrition of carp fingerlings. Fishmeal and fish oil are irreplaceable in the nutrition of carnivorous fish species. Matulić et al. (2011) argued that the excessive fish exploitation for producing fish oil and fishmeal would result in depletions of marine populations. Therefore, in their work, they discussed alternative economical sources of proteins produced from plant, animal or combined, and substitutes from unicellular sources and fishmeal substitutes from less important species. Janči et al. (2013) conducted a study of nutritional value of farmed rainbow trout Oncorhynchus mykiss and they proved that fresh and smoked fillets of rainbow trout reared in the Adriatic Sea could be considered as a food of high nutritional value. Taler (1952) provided the guidelines on farming salmonids in the former Yugoslavia. Ristić (1973) Skaramuca et al. (1997) while Katavić and Vodopija (2001) cited a number of measures to be implemented for improving the same production sector in Croatia. Pažur (2001) described the situation and prospects of freshwater fish farming. He argued that it was necessary to implement radical changes in production and market spheres. Same author emphasized the problems and possible solutions of freshwater aquaculture regarding cormorant damage (Pažur, 1996; 2002) . A review of the impact of great cormorant (Phalacrocorax carbo sinensis) on the fish stock was also presented by Piria (2014) . Status and prospects of freshwater aquaculture was also described by Safner (2008) . Research has been done on the possibilities of starting the production of new species of shellfish such as Noah's Ark (Župan, 2012) and striped venus clam Chamelea gallina (Linnaeus 1758) (Dupčić and Bratoš, 2004) .
IMPROVING AQUACULTURE
SPECIES BIOLOGY AND ECOLOGY
In order to successfully produce living organisms, it is necessary to know their biology and ecology. Morović and Sabioncello (1963) published an article on bioecology of mullet Mugilidae sp. and how it endured the transition from the sea into fresh water. Ržaničanin and Treer (1979) published a review of breeding tench and carp fingerlings in which they described the biological characteristics of breeding tench and carp. Fijan et al. (1989) 
